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(54) METHOD FOR MICRO FABRICATING RESIST PATTERN 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a microfabricated pattern provided with an excellent profile and 
satisfactory characteristics to be required, in a method for contracting the intervals of the photoresist pattern 
by disposing a water soluble resin coating on the photoresist pattern formed on a substrate surface and 
subsequently heat treating it, by preventing a solution residue from being caused in removing the water soluble 
resin coating after contraction treatment. 

SOLUTION: In microfabricating the resist pattern by contracting the intervals of the photoresist pattern by 
disposing the water soluble resin coating on the photoresist pattern formed on the substrate surface, 
subsequently heat treating it and thoroughly removing the water soluble resin, a water soluble polymer and a 
water soluble amine is introduced into the water soluble resin coating. 
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CLAIMS 

[Claim(s)] " ~ ~~ 

[Claim 1] The resist pattern detailed-ized approach which is characterized by making a water-soluble polymer 
and a water-soluble amine contain during said water-soluble-resin covering in shrinking photoresist pattern 
spacing, removing said water soluble resin completely subsequently, and making a resist pattern detailed by 
heat-treating after preparing water-soluble-resin covering on the photoresist pattern formed in the substrate 
front face. 

[Claim 2] The resist pattern detailed-ized approach according to claim 1 that a water-soluble polymer is at least 
one sort chosen from an alkylene glycol system polymer, a cellulose system polymer, a vinyl system polymer, an 
acrylic polymer, a urea system polymer, an epoxy system polymer, a melamine system polymer, and a polyamide 
system polymer. 

[Claim 3] The resist pattern detailed-ized approach according to claim 1 or 2 that the content rate of the water- 
soluble polymer under water-soluble-resin covering is three to 20 mass %. 

[Claim 4] The resist pattern detailed-ized approach according to claim 1, 2, or 3 that electric dissociation 
exponent [ in /, in a water-soluble amine / 25 degrees C ] is the amine of 7.5-13 within the limits. 
[Claim 5] The resist pattern detailed-ized approach according to claim 1 to 4 that the content rate of the water- 
soluble amine under water-soluble-resin covering is the range of 0.1 - 30 mass % based on the mass of a water- 
soluble polymer. 

[Claim 6] The resist pattern detailed-ized approach according to claim 1 to 5 of performing heat treatment at 
temperature lower than the softening temperature of the photoresist pattern formed in the substrate front face. 
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[Detailed Description of the Invention] 
[0001] 
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approach characterized by making a water-soluble polymer and a water-soluble amine contain during said water- 
soluble-resin covering. 
[0009] 

[Embodiment of the Invention] Although it is required in this invention approach to make a photoresist pattern 
form on a substrate first Formation of this photoresist pattern A semiconductor device, a liquid crystal display 
component, The detailed pattern formation approach usually used on the occasion of manufacture of the 
magnetic head or a micro lens, Apply the solution of a chemistry magnification mold resist with a spinner etc 
and dry and a sensitization layer is made to form on a substrate like a silicon wafer. To this for example, with a 
contraction projection aligner etc. It irradiates through the mask pattern of requests, such as ultraviolet rays 
deep-UV, and excimer laser light, or it draws with an electron ray and heats. Subsequently It can carry out by 
the approach of forming a resist pattern by carrying out the development of this using an alkaline water solution 
like a developer, for example, a 1 - 10 mass % tetramethylammonium hydroxide water solution, etc. 
[0010] In this invention approach, although it is necessary to prepare water-soluble-resin covering in all or some 
of front faces of resist patterns subsequently formed by doing in this way, this carries out grade heat-treatment 
for 30 - 90 seconds at the temperature of about 80-160 degrees C, after applying the water solution of the 
above mentioned water soluble resin on a resist pattern with a spinner etc. according to the approach usually 
performed in the old heat flow process. 

[001 1] As for heat treatment in this case, it is desirable to carry out at temperature lower than the softening 
temperature of a photoresist pattern. If it carries out at such temperature, a pattern will be pulled by water 
soluble resin, a hole or a trench will make it detailed further, and the dependency over the duty (Duty) ratio 
especially within a wafer side, i.e., Rhine spacing within a wafer side, will become small. The softening 
temperature of this photoresist pattern is semantic ****** about the temperature which starts fluidization, i.e a 
flow, automatically when the photoresist pattern formed on the substrate is heated. 

[0012] In this invention approach, it is required to make said water-soluble-resin covering contain a water- 
soluble amine with a water-soluble polymer. There is especially no limit that what is necessary is just resin 
which may dissolve in water at a room temperature as this water-soluble polymer. Although at least one sort 
chosen from an alkylene glycol system polymer, a cellulose system polymer, a vinyl system polymer, an acrylic 
polymer, the urea system polymer, the epoxy system polymer, the melamine system polymer, and the polyamide 
system polymer can be mentioned as such a water-soluble polymer, the polymer or copolymer of at least one 
acrylic monomer, or this and other monomers is desirable at the point that-izing of the pattern spacing can be 
carried out [ detailed ] efficiently, maintaining the configuration of a photoresist pattern. 

[001 3] As such an acrylic monomer, acrylic-acid, methyl-acrylate, methacrylic-acid, methyl-methacrylate N and 
N dimethyl acrylamide, N, and N-dimethylaminopropyl methacrylamide, N. and N-dimethylaminopropyl acrylamide 

methylacrylamide. diacetone acrylamide, N, and N-dimethylaminoethyl methacrylate, N, and N-diethylamino 
ethyl methacrylate, N, and N-dimethylamino ethyl acrylate, acryloyl morpholine, etc. can be mentioned for 
example. 

[0014] moreover, as said acrylic monomer and a monomer which carries out copolymerization N-vinyl 
pyrrolidone, vinyl alcohol, vinyl imidazolidinone. Vinyl system monomers, such as vinyl acetate, 
hydroxypropylmethylcellulose phthalate, To hydroxypropyl-methylcellulose acetate phthalate and the 
hydroxypropyl methylcellulose, KISAHIDORO phthalate. Hydroxypropyl-methylcellulose acetate succinate the 
^cl°ui yPr ° Pyl methylce,,ulose ' To hydroxypropylcellulose. hydroxyethyl cellulose, and cellulose acetate. 
KISAHIDORO phthalate. Cellulose system polymers, such as a carboxymethyl cellulose, ethyl cellulose, and 
methyl cellulose, Alkylene glycol system monomers, such as ethylene glycol and propylene glycol. The urea 
system polymer which makes a constituent a methylol-ized urea, a dimethyloHzed urea, an ethylene urea etc 
Melamine system monomers, such as a methoxymethyl-ized melamine, a methoxymethyl-ized iso butoxy ' 
methylation melamine, and a methoxy ethylation melamine. or an epoxy system monomer, a polyamide system 
monomer, etc. are mentioned. 

[0015] These water-soluble polymers may be used independently, and two or more sorts may be mixed and they 
may be used, these water-soluble polymers — three to 20 mass % — it is preferably used as a water solution of 
& 1 5 mass % concentration. If covering becomes poor and it is made [ more ] than 20 mass % when there is 
less this concentration than 3 mass %, the improvement in effectiveness will not be accepted above and it will be 
hard coming to deal with it. 

[0016] Next, although there is especially no limit, the thing of 7.5-13 has electric dissociation exponent desirable 
L that what is necessary is just what is dissolved in water in a room temperature as a water-soluble amine 
compound ] in 25-degree C aqueous night. As such amines, for example Monoethanolamine, diethanolamine 

n ?™ a "° ,aniine ' 2-(2-aminoethoxy) ethanol, N, and N-dimethylethanolamine. N and N-diethyl ethanolamine N 
and N-dibutyl ethanolamine, N-methylethanol amine, N-ethyl ethanolamine, N-butyl ethanolamine N- 
methyldiethanolamine, monoisopropanolamine, diisopropanolamine, Alkanolamines. such as tri-isopropanolamine 
diethylenetnamine, Tnethylenetetramine. propylenediamine. N, and N*-diethyl ethylenediamine, 1 4- 



biftanediamine, N-ethyl-ethylenediamine, 1,2-propanediamine, To 1,3-propanediamine, 1, and 6-, polyalkylene 
polyamine, such as KISAN diamine 2-ethyl-hexylamine, a dioctyl amine, tributylamine, tripropylamine and a triaryl 
amine — passing — a PUCHIRU amine and cyclo — fatty amines, such as a KISHIRU amine, — Annular amines, 
such as aromatic amine, such as a ** NJIRU amine and a diphenylamine, and a piperazine, an N-methyl- 
piperazine, a methyl-piperazine, hydroxyethyl piperazine, can be mentioned. These water-soluble amines may be 
used independently, and two or more sorts may be mixed and they may be used. Also in these water-soluble 
amines, a thing, for example, monoethanolamine, or triethanolamine 140 degrees C or more (760mmHg) has the 
desirable boiling point especially as a charge of covering heat material. 

[0017] as the loadings of a water-soluble amine — said water-soluble polymer — receiving — 0.1 to 30 mass % 
— it is preferably chosen in the range of 2 - 15 mass %. When it deviates from this range, when fewer than 1 
mass %, possibility that will pass and degradation of the liquid by the time will take place is high, and when more 
superfluous than 30 mass %, a photoresist pattern configuration deteriorates. 

[0018] If such a water-soluble-resin water solution is used, the heat dependency in a base side can be carried 
out [ degree C ] in about 1.5nm /, and a detailed and uniform photoresist pattern with sufficient stability with the 
passage of time can be obtained. 

[0019] In addition, the improvement in stability with the passage of time can be attained also by adding an acid 
compound like p-toluenesulfonic acid and dodecylbenzenesulfonic acid. Moreover, in order to acquire the 
stability of a paint film, a surfactant can also be added to water soluble resin. 

[0020] Next, in this invention approach, although all or some of resist patterns made to form on a base are 
covered with water soluble resin and it is subsequently heat-treated, these can be performed like the case of 
the conventional heat flow process. For example, the pattern obtained on the resist pattern by carrying out 
grade stoving of it for 30 - 90 seconds at the temperature of about 80-160 degrees C after using a spinner etc. 
and applying the water solution of water soluble resin can be made to make it detailed further. Moreover, after 
applying the water solution of water soluble resin, prebaking may be beforehand given for 30 - 90 seconds at the 
temperature of 80-100 degrees C. as the water-solution concentration of the water soluble resin in this case — 
three to 50 mass % — it is preferably chosen within the limits of 5 - 20 mass %. Moreover, as thickness of the 
paint film formed, about 0.1-0.5 micrometers is suitable. 

[0021] Although the water soluble resin of this invention is usually used as a water solution as mentioned above, 
the partially aromatic solvent of water and an alcohols solvent can also be used for it. As such an alcohols 
solvent, there is a methyl alcohol, ethyl alcohol, propyl alcohol, isopropyl alcohol, glycerol, ethylene glycol, 
propylene glycol, 1, 2-butylene-glycol, 1, 3-butylene-glycol, 2, and 3-butylene glycol etc., for example. To water, 
these alcohols solvents mix 30 mass % as an upper limit, and are used. 

[0022] thus, the resist pattern covered with water soluble resin — said thing [ heat-treating, as carried out ] — 
for example, the case of a trench — 220nm to about 160nm — moreover, in the case of a hole, spacing of a 
resist pattern contracts to about 160nm from 180nm. And covering of the water soluble resin which remains on 
a resist pattern is completely removed a drainage system solvent and by washing for 10 - 60 seconds with pure 
water preferably. 

[0023] Thus, the detailed resist pattern formed by the lithography technique is equipped with the physical 
properties with which it may fully be satisfied of necessary demand characteristics while it has pattern size more 
detailed than the resolution limit obtained by the old approach. 
[0024] 

[Example] Next, an example explains this invention to a detail further. 

[0025] Rotation spreading of the positive type photoresist (the TOKYO OHKA KOGYO CO., LTD. make, trade 
name "TDUR-P036PM") was carried out, BEKU processing during 90 seconds was carried out at 80 degrees C, 
and the photoresist layer of 5600A of thickness was made to form on an example 1 silicon substrate. 
Subsequently, after carrying out image formation exposure processing using the KrF excimer laser aligner (canon 
company make, "canon FPA-3000EX3") and heat-treating for 90 seconds in 120 degrees C, the hole pattern 
with a diameter of 182.3nm was obtained by carrying out a development using a 2.38 mass % 
tetramethylammonium hydroxide water solution. Next, make it dissolve in 90g of water, and 9.1 g [ of 
copolymers ] (mass ratio 2:1) and triethanolamine 0.9g obtained from an acrylic acid and vinyl pyrrolidone on this 
hole pattern is prepared. After covering using the coating liquid of solid content concentration 10 mass %, when 
it heats for 60 seconds and it carried out the heat shrink at 120 degrees C, and washing removal of the covering 
was continuously carried out using 23-degree C pure water, covering was completely removed by washing for 
about 1 minute. Moreover, the diameter of the hole pattern at that time was 161.5nm. 

[0026] When the coating liquid of solid content concentration 10 mass % only containing the same copolymer as 
having used in the example 1 on the hole pattern with a diameter of 182.3nm made to form like example of 
comparison 1 example 1 was prepared, the thing in the condition of having become cloudy was produced. Using 
this coating liquid, it covered like the example 1 and the after heat shrink was carried out. Subsequently, 
although the diameter of a hole pattern was contracted to 168.1nm when washing removal of the covering was 



carried out using 23-degree O pure water, oil film-like residue was accepted on the substrate. 
[0027] As coating liquid for the covering formation on an example of comparison 2 hole pattern, except having 
used the 5 mass % water solution of polyvinyl alcohol, when the completely same actuation as an example 1 was 
repeated, the residue which can be checked visually remained on the substrate after washing by 23-degree C 
pure water. 

[0028] The TOKYO OHKA KOGYO CO., LTD. make and a trade name "TDMR-AR2000" were used, and the 
photoresist layer of 1 .3 micrometers of thickness was made to form prebaking conditions as 90 seconds at 90 
degrees C as a positive type photoresist on an example 2 silicon substrate. Subsequently, after carrying out 
image formation exposure processing using i line aligner (the NIKON CORP. make, trade name "NIKON NSR- 
2205M4E") and carrying out afterbaking for 90 seconds at 1 10 degrees C, the trench pattern with a dimension of 
41 1.1 nm was formed by carrying out a development. Thus, after covering like an example 1 on the obtained 
trench pattern, when heat-treating and carrying out the heat shrink on the same conditions as an example 1 , the 
trench pattern dimension was set to 219.5nm. 

[0029] The hole pattern with a diameter of 1 60.3nm was obtained by repeating the completely same actuation as 
an example 1 except having used the coating liquid which becomes formation of covering on an example 3 
photoresist pattern from 9.5g [ of copolymers of an acrylic acid and vinyl pyrrolidone ] (mass ratio 2:1), and 
monoethanolamine 0.5g, and 90g of water. 

[0030] The photoresist layer of 20000A of thickness was formed by carrying out rotation spreading of the 
positive type photoresist (the TOKYO OHKA KOGYO CO., LTD. make, trade name "EP-TF004EL") on an 
example 4 silicon substrate, and carrying out BEKU processing during 300 seconds at 150 degrees C. Next, after 
drawing using electron-beam-lithography equipment (the Hitachi make, trade name "HITACHI HL800D50Kv") 
and heat-treating for 300 seconds in 140 degrees C to this photoresist layer, the trench pattern with a 
dimension of 228.0nm was obtained by carrying out a development using a 2.38 mass % tetramethylammonium 
hydroxide water solution. Next, it covered using the same coating liquid as having used in the example 1 on this 
trench pattern, and after heat-treating for 90 seconds and carrying out a heat shrink at 150 degrees C, when 
washing removal of the covering was carried out using 23-degree C pure water, covering was completely 
removed by washing for about 5 minutes. The dimension of the trench pattern at that time was 1 55.0nm. 
[0031] 

[Effect of the Invention] When this is heat-treated and photoresist pattern spacing is shrunk after preparing 
water-soluble-resin covering on the photoresist pattern formed in the substrate front face according to this 
invention, water-soluble-resin covering can be removed completely and the detailed-ized pattern equipped with 
a good profile and the demand characteristics which should be satisfied can be obtained. 
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[0 0 17] 7kr§ttT^>^SE^ft^LT^, HufB7i<r§ 
v~tc*fLT0. 1~3 0S1%, ^K(i2 

-l 5M%o«i-Mtfnso coiBs^^bfc^ 

£\ I««% < fc0^i/^^i:^^c c ):^r^c7)^fl:^e 20 
i?7s h/^-y&tttf&it^&o 

[0018] c<D&?& 7 m&m%7i<:m&*m^z> 
mwmfoT*<Dmm*®L* 1. 5n myvmmi^r & c t 

z-y^mzcttfT+^Zo 

[0019] ftfc, 3»«FS«ttora±tt> CT^tf p - h 

ft m£{t£w*iSftn-r ^tciot *>»«-r sew 

tciiBissffijiJSSftp-rscifcfe-esrSo 
[0020] *«w*ffifcfei/^T«, »*±fc:je 

£Xtf >^-ft£#ffl^T^L/c?)^ 8 0-160 

7kfigtt«HBc07j<}S}«*affiL/c:», $6^C«)80-1 40 
0 0WgST3 0-9 O^M^U^— **fifiLTfc<fc 
u\> coiBO7KiSttMJIB<07K}SJK«Si:LTC*. 3-5 
011%, »*L<tt5-20M%(OKHrt"atfh 
& 0 Sfc, fl5«*tiafflMOff^fcLTt±. 0. 1 ~ 
0. 5 ^m@Jg^SiS"efeSo 

[0021] *aw^zK}«tt»aa«, ±Eo*5icam 

;K ^ot!;l/7;l/3-;K ^V^ali/VTW so 



1. 2-^U>'yur3-;K 1. 3 - 7^ 
U>yU3-;k 2, 3 - 7f-i/>^)j3-;l/4Htf8 

[0 0 2 2] COcfc-MCbT. 7k«14«BiT*»HL/£:U 

D> 0J*tf hUV 2 2 0 nmM 1 6 0 nm 
gj^tc, S fc*— ;1/<D*&, 1 8 0 n mfr £ 1 6 0 n m 

mmcisz/xh^5'-y(Dmmtim'b~?&o ^it, u 
isxhs^-y±icn%?&7mftm%<D&miz. ?m 
mm. »*L<«±tfektc«fco 1 o-6o»wt§c 

[0 0 2 3] CODJ^lcLT. U V ^5 T7 HSEffifc «fc 

[0 0 2 4] 

[0 0 2 5] USSWJ 1 

SL ffip a a« l~TDUR — P036PMJ ) ^HIIEttffi 
Lx 8 0tT9 0»B^-^j!llLT, If 5 6 0 0A 
O^Mxi/*X hM^ffM^^r/co #^T% KrFx^> 
v U-lf-BJfcSffll Mr * / >tt», r^t/VF PA 
-3000EX3J ) *ffl^TBI»««efill, 1 
2 0 c CtC*5V>T9 0#fflWfflIL/c^%, 2. 3 8S 
l%fh7^ ^/l/T y^x^i, t:FP^> F7KiSJft*ffl 
V^T3Elf^jaii*r^C ^tCj: t). fflg 1 8 2. 3nm<0$ 

^U;«fcto^ny FV£fr6»5nfcttS^{* 
(Jt«tt2 : 1) 9. 1 gMh'Jx^/-;l/7^> 
0. 9g£7k9 0gtcrg^2-eTH^U H»»ISl 
0K«%O»^«*ffll/^T«ai*jSLfcO-B. 12 0°C 

m^^m^nrco zrc, z<Dt%<D*—)W^—y 

©Illil6 1. 5 nmTfeofCo 

[0 0 2 6] tk«Ml 
^j5S<?J 1 hmmnX^X^jSi^tdSM. 1 8 2. 3nm(0 
*-;b/^*->±lc, 11*011 lTfflv^cOi: WDttM* 
f*o**^tyHJB»»ft l 0li%Oi*»*«IILft 

^rfco ^V>T\ 2 3 0 CO^E7K^fflv^T^a^^7t^£U 
rctCZ^ jV/^Z— XDW&te 1 6 8. 1 nmlClfc 

[0 0 2 7] Jt«M2 



(5) 



&m 2003-107752 



1 fc^<rati»f^*»03SUfefcc:*, 2 3°Cc03pfi7jctc 

*• 

[oo2 8] mmm2 

28*±8k TT DMR-A R 2 0 0 0J */BV\ 7 

'J^-^ft*9 0tT?9 0»fcLT, mmi. 3/im 
0*F^XH4MS*ft«*V^ i^TtSB 10 
(-3>ttH % ^a^S T-n>N SR-2 2 0 5 i 14 
EJ ) *ffl^TH«^jSB^«UlU 1 1 0°CT9 0# 

1. 1 n mtO h U>f;^->^ML/cc ccr>cfc5tc 
lRiSl^^fc^cl^. H/>f/^-y^i2 1 9. 5 

[0029] mmm3 

^hU> ? xh/^->±o^Scofl : Mtc> 7^ U 71/11 k 20 
kT-;l/euy F>^0±tfi^ft (K«Jt2 : 1) 9. 5 

Ct\£&0. ISl 6 0. 3nm^-;l/ 



8 

[0 0 3 0] HS£#J4 

TEP-TF004ELJ ) *IaHE£fliU 

1 5 0°CT*3 0 o»wi^*ffia*rsc^tcj:t). HJ¥ 

2 0 0 0 0 A^t h l/^X hMML/Co ceo 
H. THITACH1 HL800D50K 

vj ) zm^rmmL, 1 4 o°ctc:fc^T3 0 o%>mm 

filLftO%, 2. 3 8Si%f h?^^/^-') 
AtKo^> K7kJS*«ffli^T«««Ul-r a c £ <fc 
0, ^tS2 2 8. 0 nm(0f^W->«l/: o & 

Wli:affiSE*fflV^T»II*jtL, 15 0°CT*9 0#H^ 
©SLT^iRSS^^fcO^. 2 3°CcD^7j<^ffi^TM?S 
^^^bfc^ci^, »5»imo»»-p«HItt^fc: 

5. On mT£>ofc 0 
[0 0 3 1 ] 

cnsiffiiLt* h u^x h/**->IBI«*il3tflte Hi- 
re*^:, **tt«HB*W*^Ji:|»^S c £tf T 



F^~A(##) 2H096 AA25 HA05 JA04 
5F046 LA18 



